The study describes a relationship between the 3′UTR variants, clinicopathological parameters and response to chemotherapy. We analyzed 33 germline polymorphisms in 3′UTRs of ADME genes in 305 breast cancer women treated with FAC regime. Clinical endpoints of this study were: overall survival (OS), progression-free survival (PFS), recurrence-free survival (RFS) and overall response defined as treatment failure-free survival (TFFS). The shortened OS was connected with the presence of NR1/2 rs3732359 AA, SLC22A16 rs7756222 CC, as well as SLC22A16 rs9487402 allele G and clinical factors belonging to TNM classification: tumor size >1 cm, nodal involvement and presence of metastases. PFS was related to two polymorphisms PGR rs1824125 GG, PGR rs12224560 CC and SLC22A16 rs7756222 CC as well as preexisting metastases. The RFS was shortened due to the DPYD rs291593 CC, AKR1C3 rs3209896 AG and negative expression of PGR. The presence of ALDH5A1 rs1054899 allele A, lack of pre-chemotherapy surgery and negative status of PGR correlated with worse treatment response. The germline variants commonly present in the population are important factors determining the response to treatment. We observed the effect of the accumulation of genetic and clinical factors on poor survival prognosis and overall treatment response.
computed tomography (CT) or ultrasound examination; (d) metachronous breast cancer -from time point of beginning of chemotherapy to the date of FNA of the second tumor or to the to date of the last follow-up evaluation; (e) treatment failure-free survival (TFFS) -start of chemotherapy to disease progression, death, recurrence or metachronous breast cancer, that occurred during 10 months from the initiation of FAC regime, or to the date of recent medical check-up. Hardy-Weinberg Equilibrium (HWE) with the χ 2 test was used to establish the genotype frequencies. Pearson χ 2 and Fisher two-way exact tests were applied to establish relationship between 3′UTR variants, clinical-pathological parameters and response to chemotherapy. All genetic and clinical-pathological factors that correlated with treatment response, death, progression, recurrence and metachronous primary breast cancer with p ≤ 0.10 calculated in univariate analysis was interpreted as trend. Risk factors with p ≤ 0.10 have a possible but poor effect on the outcome of the treatment. Univariate analysis results were used as starting point for multivariate calculations. Stepwise regression made possible to obtain data on independent prognostic factors (p ≤ 0.05) of FAC chemotherapy. Cumulative analyzes enabled us to estimate the risk of non-response to the therapy for two or more independent factors, as described previously 36 .
Survival analysis (OS, PFS, RFS, TFFS) were evaluated by the Kaplan-Meier method, with the log-rank test for comparisons of subgroups. P ≤ 0.05 was considered as significant. Relative risk of OS, PFS, RFS, TFFS was calculated and expressed as hazard ratios (HRs), 95% confidence intervals (95%CIs) and p-value. The data were analyzed using Statistica v10.0 software (StatSoft). 
Ethical

Results
Association of SNPs and clinical factors with survival.
For each survival analysis-OS, PFS and RFS, there were several factors, both genetic and clinical, influencing the risk of death, progression and recurrence, respectively ( Table 3) .
The shortened overall survival and elevated risk of death was connected with the presence of NR1/2 rs3732359 common homozygote AA (HR 1.82; 1.24-2.80; p = 0.003), common homozygote SLC22A16 rs7756222 CC (HR 1.58; 1.05-2.36; p = 0.027), as well as with the presence of SLC22A16 rs9487402 allele G (HR 1.72; 1.14-2.59; p = 0.009). Clinical factors belonged to tumors malignant classification (TNM): tumor size >1 cm (HR 3.18; 1.38-7.32; p = 0.006), nodal involvement (HR 1.80; 1.06-3.03; p = 0.027) and presence of metastases (HR 9.74; 5.74-16.54; p < 0.00001).
In the cumulative analyses, the presence of growing number of high-risk factors was reflected in the increasing risk of death, from HR 4.40; 1.33-14.49; p = 0.015 for the three factors to HR 10.88; 9.01-185.47; p < 0.00001 for the carriers of all six of them. It should be noted that in the group of non-carriers there were no incidences of death, therefore the reference group in this analysis was constructed for the non-carriers and the carriers of one single factor combined. Also, in these conditions the impact of concomitant presence of two high-risk death factors was not statistically significant, placing itself in the p-value range established for the trend. For clearer image and easier interpretation, the cumulative groups underwent further fusion, based on the closeness of the HRs and p-value. In the result, three groups of patients were obtained: the carriers of 0-2 factors (reference group), 3-4 and 5-6 factors. In these groups the death risk was gradually elevated, from HR 2.36; 1.34-4.14; p = 0.003 to HR 6.34; 3.27-12.30; p < 0.00001 (Table 4 , Fig. 1A ).
From the genetic side, the high risk of progression and reduced PFS was related to two polymorphisms on progesterone receptor gene (PGR) rs1824125 GG (HR 1.76; 1.06-2.95; p = 0.029), PGR rs12224560 CC (HR 1,76; 1.06-2.92; p = 0.029), as well as to common homozygote CC of the variant SLC22A16 rs7756222 CC (HR 1.57; 1.07-2.32; p = 0.021). Preexisting metastases (HR 11.20; 6.46-19.41; p < 0.00001) constitute the strongest single clinical high-risk factor for progression, ( Table 3 ). The cumulative analysis showed shortened progression-free survival with the growing number of unfavorable factors, from HR 3.71; 1.14-12.06; p = 0.029 for single factor to HR 19.18; 5.34-68.83; p < 0.00001 for the presence of all four. Similarly as in the OS cumulative analysis, we fused the groups with similar risk of progression to establish a more interpretation-friendly model ( Table 4 , Fig. 1B) .
The recurrence-free survival was shortened for the DPYD rs291593 CC, AKR1C3 rs3209896 AG and negative expression of progesterone receptor. Cox proportional hazard analysis revealed their strong but similar impa ct on risk of the recurrence of the disease-HR 5.89; 1.29-26.88; p = 0.022, HR 5.49; 1.20-25.05; p = 0.028 and HR 7.23; 1.56-33.51; p = 0.011, respectively ( Table 3 ). In the cumulative analysis, the only statistical significance was obtained for the carriers of all three recurrence high-risk factors-HR 13.14; 1.64-105.14; p = 0.015. The confrontation of this group with the others combined (0-2) slightly reduced the risk but at the same time powered up the statistical significance-HR 10.60; 3.26-34.44; p = 0.00009 ( Table 4 , Fig. 1C ). 
Effect of genetics and clinical factors on treatment response. Multivariate analysis performed for all
selected genotypes revealed one genetic and two clinical independent prognostic factors for the response to FAC chemotherapy. Patients carrying the heterozygous and rare homozygous genetic variants (CA/AA) of ALDH5A1 variant rs1054899 presented a significantly increased risk of lack of treatment response (OR 2.74; 1.25-6.02; p = 0.012) compared with reference homozygous allele (CC) group. Analysis performed for clinical parameters revealed that lack of pre-chemotherapy surgery and negative status of progesterone receptor were risk factors associated with lack of treatment response, -OR 9.95; 4.54-21.80; p < 0.00001 and OR 2,49; 1.16-5.34; p = 0.018, respectively ( Table 5 ).
The cumulative analysis showed that the simultaneous presence of two of those factors was responsible for nearly 7-fold increase in lack of treatment response risk (OR 6.87; 1.90-24.81; p = 0.003), while the carriers of all three factors resulted in drastic strong risk elevation to OR 135.67 (19.80-929.78 ; p < 0.00001). This bad prognosis was maintained also after confrontation with other groups combined (0-2)-OR 42.40; 8.92-201.64; p < 0,00001 (Table 6) .
To check for possible application of the cumulative model in predicting long-term survival of patients, we estimated treatment failure-free survival (TFFS). TFFS median reduction was associated with the increasing number Fig. 1D ). Such strong impact was maintained also after confrontation with groups 0-2 (HR 17.08; 8.26-35.36; p < 0.00001), as well as after fusion with the carriers of two factors (HR 5.20; 2.78-9.91; p < 0.00001) ( Table 6 ).
Discussion
In this study, we investigated the association between the 3′UTR SNPs of genes involved in FAC drugs' transport, metabolism, regulation of detoxification pathways, nuclear receptors, clinical parameters and the overall response to FAC chemotherapy. The results suggest that the risk of death, disease progression or recurrence of breast cancer is modified by genetic variants of nuclear receptors (NR1/2, PGR), genes engaged in main metabolic pathway of doxorubicin (SLC22A16) and doxorubicin-progesterone-related gene (AKR1C3). SNPs within DPYD and ALDH5A1 genes were significantly associated with the increase risk of RFS and treatment response/ TFFS analyses. The clinical prognostic factors that influenced survival and treatment response in our study have grouped themselves in three categories -the components of TNM staging in OS and PFS, tumor progesterone receptor status in RFS and response/TFFs, and the implementation of surgery procedures (regardless of their extent) in treatment response/TFFS analyses. The family of PXR plays a regulatory function in reference to enzymes of I phase (cytochrome P450 enzymes CYP3A4, CYP2B6, CYP2C9, and CYP2C19), phase II enzymes (UGT1A1, UGT1A2, SULT2A) and phase III transporters (ABCB1, OATs, MRP3) [37] [38] [39] [40] [41] [42] . 3′UTR of pregnane X receptor (NR1/2/PXR2), a key component of xenobiotic sensor, are targets for the presence of several microRNAs, including miR-362-5p, miR-500b-5p and miR-501-5p, which suggests the importance of epigenetic regulation of NR1/2 expression 21 . Our observations of the correlations between the said gene's 3′UTR genetic variant and patients survival seem to support such statement, however the exact genetic-clinical linkage is yet to be confirmed. Reuter and colleagues searched for such correlation, and while they showed an impact of NR1/2 polymorphisms on protein expression in blood and tissue samples of head and neck squamous cell carcinoma (HNSCC) patients, they were unable to demonstrate their influence on overall survival times 43 .
Regardless of the inconsistency of research results it is plausible that genetic variations within NR1/2 that influence protein expression or activity, have significant clinical effects of diverse character 38 . SNPs within coding sequence of NR1/2 gene have correlated with risk of overall cancer 44 , progression of AIDS 45 , were the potential risk factor of drug resistance in epilepsy 46 as well as of hematological toxicity induced by irinotecan in colorectal cancer patients 47 . Genetic variants in the 3′UTR region of NR1/2 affect transport, localization and the stability of NR1/2 mRNA 14, 40 . Several studies have confirmed the influence of the 3′UTR SNPs of NR1/2 on the treatment effects with a resultant increase in resistance to chemotherapy also in breast cancer patients [39] [40] [41] [42] . The group of Oleson associated rs3732359 and rs3732360 of NR1/2 with higher CYP3A activity in vivo. The CYP3A4 is the major drug metabolizing enzyme and downstream effector gene of NR1/2. Furthermore, Oleson et al. found that variants rs3732359 and rs3732360 of NR1/2 exhibited higher median oral midazolam clearance compared with homozygous reference genotypes for these SNPs 38 . In our group of patients, the presence of rs3732359 AA NR1/2 was an independent predictor of OS. In univariate analyses carriers with genotype AA present a nearly 2-fold increase in the risk of death compared to patients NR1/2 rs3732359 AG/GG. That observation suggested association of rs3732359 AA NR1/2 with worse survival prognosis in women with breast cancer treated with FAC chemotherapy. Observations similar to ours were reported in the study of Swart et al. where rs3732359 allele A NR1/2 differentiated the patients into subgroups according to drug disproportion and therapy response 21 . This result was in concordance with Chew et al. observations that rs3732359 NR1/2 was associated with a significant reduction in nadir hemoglobin, platelets and/or absolute neutrophil count (ANC) from baseline in cycle 1, either dependent or independent of the effects on the pharmacokinetics of docetaxel in nasopharyngeal cancer 49, 50 . In our study, carriers rs7756222 CC and rs9487402 TG/GG SLC22A16 have decreased OS. Furthermore, variant rs7756222 CC SLC22A16 was the independent factor shortening PFS. Our results are consistent with the results of Lal et al. 2007 , that SNPs in SLC22A16 are associated with shorter OS and PFS in Asian breast cancer patients 51 . Furthermore, earlier studies confirmed the association of SNPs within SLC22A16 with toxic side effects in chemotherapy in breast cancer patients 36, 50, 52 . Additionally, overexpression of SLC22A16 in cancer cells is associated with the increasing influx of doxorubicin into cell and correlates with increased sensitivity to cytotoxic effects of this drug 53 . In gastric cancer patients, SLC22A16 upregulation independently predicted poor OS and RFS, in early gastric cancer and poor OS in advanced gastric cancer 54 . Kunii et al. demonstrated also that SLC22A16 is a mediator of platinum uptake in cancer cells, and down-regulation of SLC22A16 is possibly one of the mechanisms of resistance against cisplatin in lung cancer 55 . The cited reports confirm that the genetic variants within SLC22A16 gene influence the import efficacy of chemotherapeutic drugs into the cell, while toxicity generated by the changed drug level in the cell corroborated with the worst treatment response.
We present two independent genetic prognostic factors that significantly influenced the risk of shortened PFS (rs1824125 GG and CC rs11224560 of PGR) and RFS (rs3209896 AG AKR1C3) in breast cancer patients. To our knowledge, this is the first report of the potential interactions of both rs1824125 GG and rs11224560 CC progesterone receptor as well as rs3209896 AG AKR1C3 (progesterone-related gene) with the survival and treatment response. Unfortunately, the functional data for PGR's rs1824125 and rs11224560 are lacking, but the position of the studied variants in the gene regulatory sequences points out at their suspected role in expression control. It is commonly known, that the controlled expression of progesterone receptor is crucial for the breast tissue development, all the more that the PGR gene has two promoters and translational start sites and produces two isoforms, PR-A and PR-B. The PR-B is the positive regulator of the effects of progesterone, but PR-A antagonizes the effects of PR-B 56 . Balanced expression of both PR isoforms is required for maintaining mammary gland function, and any imbalance is associated with the increased risk of breast cancer. In this regard, it was shown that altered PR-A and PR-B balance distorts progesterone effects on breast cells, thus increasing breast cancer risk 57 .
In this study we presented the possible relationship between the risk of local recurrence and the rs3209896 AG variant in AKR1C3. AKR1C3 is phase I drug metabolizing enzyme implicated in drug resistance to chemotherapeutics including doxorubicin 58 . It plays a significant role in the deactivation of doxorubicin to doxorubicinol, a less active metabolite 59 . Polymorphisms in AKR1C3 were studied as the risk factors for lung, prostate 60 , lymphoma 61 and bladder cancer 62 . There are also reports regarding the role of AKR1C3 variation in the risk of disease progression and mortality in B cell non-Hodgkin lymphoma 63 , as well as in the modulation of treatment toxicity and survival time in breast cancer patients 58 . However, the influence of rs3209896 polymorphism on cancer risk and chemotherapy response was considered only in two previous studies, but with no success. In the first, Asian breast cancer patients treated with doxorubicin-containing chemotherapy have shown no correlation between rs3209896 AG AKR1C3 with chemotoxicity, PFS and OS 58 . In the second study, maternal and offspring genetic analyses of the AKR1C3 gene did not reveal the association of rs3209896 AKR1C3 in relation to childhood leukemia risk 61 . In our study the genetic-clinical linkage regarding the outcome in breast cancer patients treated with doxorubicin-containing FAC regime, on the other hand, did exist. Earlier study suggested that AKR1C3 belongs to the family of progesterone-related genes involved in the prereceptor metabolism of progesterone and believed it to be a weaker activator of PGR 64 . Given these data, our results further emphasize the clinical importance of progesterone signaling pathways. Study by Reding et al. showed that the variation in AKR1C2 and AKR1C3 genes could increase the risk of breast cancer among women who have used estrogen-progesterone therapy 65 . A putative role in breast cancer based on the AKR1C enzymes metabolizing progesterone into a 4-pregnene was described by Ji et al. These authors speculated that loss of AKR1C1 and AKR1C2, but not AKR1C3 in breast cancer, resulted Table 5 . Multivariate analysis of the genetic variants, clinical parameters and lack of treatment response. OR-odds ratio; 95%CI-confidence interval; bolded numbers indicate results with p < 0.05; PR-progesterone receptor.
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In our study the carriers of rs291593 CC DPYD had higher risk of disease recurrence. DPYD catabolizing 5-fluorouracil (5-FU), which is commonly used for the treatment of solid carcinomas [66] [67] [68] , and is also the component of FAC regime. A decrease in enzyme activity may lead to an increase in the half-life of 5-FU and an increased risk of dose-dependent toxicity [67] [68] [69] [70] . The SNP rs291593 CC DPYD was described in the study of Kim et al., which focused on allele distribution in 150 Korean subjects 68 . Unfortunately, there are no literature data on the effect of rs291593 DPYD and correlation with the survival and treatment response.
Lastly, in our analyzed group of patients the polymorphism rs1054899 AG/AA ALDH5A1 correlated with worse response to the FAC chemotherapy. ALDH5A1 is a component of cyclophosphamide metabolic pathway. A deficiency of this enzyme is a rare autosomal recessive neurologic disorder in which a serious gene mutation-related enzyme defect in the GABA degradation pathway causes a consecutive elevation of both GABA and gamma-hydroxybutyric acid (GHB) [71] [72] [73] [74] [75] . Apart from the neurotransmittory pathways, the ALDH5A1, alongside with ALDH1A1 and 3A1, participate in the transformation of cyclophosphamide, guiding the detoxification of aldophosphamide to inactive carboxyphosphamide 76 . It is widely accepted that inter-individual differences in the formation of cyclophosphamide metabolites may result from polymorphisms in genes that catalyze metabolic reactions, as well as from changes in their expression 77 . Although the data regarding the exact impact of the ALDH5A1 regulatory 3′UTR variation on the cyclophosphamide activity is lacking, there are reports suggesting the connection between enzyme expression and treatment prognosis. The group of Tian reported that low ALDH5A1 expression is an excellent predictive factor of poor prognosis in ovarian cancer (OC) and may play a crucial role in ovarian cancer progression. The positive association between expression of ALDH5A1 and prognosis was found in early and advanced stages of ovarian cancer patients. In grades II/III of ovarian cancer, a high mRNA level of ALDH5A1 was associated with improved OS 78 . Studies conducted on the Chinese epilepsy patients confirmed, that rs1054899 of ALDH5A1 gene may play a role in the pharmacokinetics of valproic acid (VPA) with anticonvulsant properties 79 .
In our analyses, the shortened OS and PFS, and high risk of death and progression, were the results of advanced disease-tumor size over 20 mm in greatest dimension (i.e. T component greater than T1), infiltrated regional lymph nodes (i.e. N component different than N0) and the presence of distant metastases (M1). These observations are in accordance with the traditional perception of the stepwise progression of breast cancers, from small, not yet spread tumors, to larger more aggressive ones 80 . The tumor size (T component) is seen as one of the most crucial factors of response to treatment. In the study of Goorts et al. 81 the clinical tumor size (cT) was the strongest predictor of achieving the pathological complete response (pCR), seen as the absence of residual cancer, in the group of breast cancer patients after neoadjuvant chemotherapy. In this study, higher cT-stages had strong, significant lower pCR rates, independently of grade and progesterone, estrogen receptors and HER2 status. Also, the newest, eight edition of Cancer Staging Manual 82 confirms that the whole TNM staging system for breast cancer is the estimate of total tumor volume, described by the maximum dimension of the tumor mass, without inclusion of additional small satellite foci surrounding the main tumor 83 .
The presence of regional lymph node metastases is another acknowledged factor of worse prognosis in breast cancer patients. According to the newest guidelines, the classification of nodes is made upon the size of the largest tumor deposit, and the sum of infiltrated lymph nodes results in the final N-value 82 . Generally, the scale of nodes involvement is reflected in worsened patients' prognosis, seen -among the others -in reduced survival time 84 . Similarly, the presence, location and extent of distant metastases are unequivocally responsible for poor prognosis, with estimated 90% breast cancer-related deaths being due to metastatic dissemination 85 . Such drastic correlation was seen also in our analyses, where the presence of distant metastases was the strongest, also statistically, survival-reducing factor. This situation seems to reflect the discordances between the primary and secondary tumors, regarding the clinical and biological features that change the treatment response rate between those sites. Also, there are complicated patterns linking the metastatic spread with the location of primary mass, the patients' age and also with the unforeseen impact of surgical procedures on main tumor mass, which may enhance the growth of dormant micrometastases in different organs 85 . In our study the breast cancer negative status of progesterone receptor was the determinant of high risk of recurrence, shorter TFFS and lack of response to treatment. The status of PR, estrogen receptors (ERs) are among the biological factors, aside from HER2 expression and grade, that had been incorporated into the breast cancer staging system. The goal of such approach was to combine the latest biological knowledge with up-to-date clinical research in hope to establish the simple but accurate staging guideline that defines the prognosis with the most possible precision 86 . The lack of progesterone receptor expression in breast cancer has been in recent years repeatedly reported as the factor for poor treatment outcome, which is consistent with our results. In the work of Purdie and others, the group of PR-negative patients, even the subgroups that otherwise would have a good prognosisi.e. ER-positive and without lymph node infiltration, had significantly shortened the 5-year breast cancer specific survival, with or without application of chemotherapy 87 . In the cited work, the PR expression was the independent prognostic factor, more powerful than ER status. Similar results came from the study of van Mackelenbergh et al., where the ER-positive/PR-negative breast cancers showed better initial response to treatment, even though eventually the long term survival after neoadjuvant chemotherapy had been significantly reduced 88 . The complexity of impact of hormone receptor statuses on treatment outcome could arise from the cross-talk mechanisms existing between estrogen and progesterone receptors. When the PR is absent, the estrogen receptor recruits specific cofactors and binds to estrogen response elements in chromatin. The result is the activation of pathways that leads to cell proliferation 89 . Such crosstalk was illustrated in the work of Mohammed et al. 90 , who pointed out, that in breast cancer PR modulates ER behavior, and its expression can be seen as a marker of ER function.
The analyses of genetic and clinical factors could be useful in the attempt to establish the complex combined genetic-clinical models for the patients' preselection into more uniform groups with similar prognosis with regard to death, disease progression, recurrence, development of metachronic breast cancer and overall treatment response. In order to do that, we performed cumulative analyses, and selected the groups of patients with the seemingly worst prognosis, who carried the highest number of unfavorable factors in a given setting. For each of the analyses the clinical component pointed out the advancement of the disease. The picture was further completed by the addition of genetic modifiers. Because of the frequent lack of data regarding the exact impact of studied genetic variant on gene or protein function, every interpretation of cumulative model must be done with great caution. Nonetheless, the OS and the highest risk of death was the obvious result of advanced TNM stages, but the presence of two variants in doxorubicin transporter SLC22A16 in this model emphasize the importance of optimal drug inflow to the cells. Furthermore, the activity of the main detoxification switch NR1/2 in OS model seems to be the player in mediating death risk. We could assume, that the worse treatment response in this regard may be the reflection of overactive detoxification routes of any of FAC drugs, which decrease the drugs' therapeutic concentration. It should be noted, that the strength of this model is further enhanced by the lack of death incidences in the group of non-carriers of high-risk factors.
The group with the worst prognosis regarding cancer progression was also characterized by the disease advancement (metastases) and polymorphic variant in doxorubicin importer gene SLC22A16. However, in this model the picture was completed by the presence of two SNPs in progesterone receptor gene. The 'double hit' as such, similarly as for the SLC22A16 in OS analysis, point out the relations between physiological, metabolic and signaling pathways of progesterone and the metastatic ability of breast cancer cells, as well as the revival of dormant micrometastases. The progesterone signaling routes, seen as the negative PR receptor status in cancer cells, emerged also as the component of the worst-case scenario in recurrence-free survival analysis. In this situation however, high risk of recurrence was concomitantly dependent on the modification in 5-fluorouracil catabolizer DPYD, as well as in AKR1C3, the component of both doxorubicin and progesterone metabolic mechanisms. This result once again emphasizes the importance of progesterone signaling and the activity of detoxification machinery, that ensures the optimal therapeutic drugs' concentration.
To our knowledge, this is the first study to evaluate the prognostic value of 3′UTR polymorphisms of ADME genes in the context of overall treatment response in breast cancer. However, the clinical determinants as high risk factors dominated the genetic ones in this analysis. Unsurprisingly, the results showed that PR tumor negative status, together with the lack of surgical procedures, which in turn is the direct consequence of patient's poor condition, are the predictors of negative events such as death, progression, recurrence and the development of another breast cancer. The only genetic component in this model, variant in ALDH5A1, point out the cyclophosphamide catabolic mechanisms. Additionally, the strength of this model is backed by the results of TFFS analysis. While the original treatment response in this work was estimated within 10 months since the beginning of chemotherapy, the obtained separation of patients into groups in regard to the number of unfavorable factors enabled predicting long-term survival. Following this analysis we report the unprecedented, over 14-fold reduction in median survival between the groups with the best and worst prognosis.
In conclusion, the normal germline variants commonly present in the population are important factors determining the response to treatment. The study shows that polymorphisms are an independent prognostic predictor factor of survival in breast cancer woman. Furthermore, we observed the effect of the accumulation of multiple unfavorable genetic and clinical factors on poor survival prognosis and overall treatment response. The results suggest that germline polymorphisms influence the pharmacokinetics of doxorubicin. Our study indicates the strongest associations between overall survival, progression-free survival and genetic polymorphisms in SLC22A16 gene engaged in doxorubicin transport. In addition, SNP in the AKR1C3, a gene involved in the doxorubicin metabolism pathway, has an effect on recurrence-free survival. To sum up, the presence of adverse genetic and clinical factors increases the risk of poor outcome of treatment response in Polish women with breast cancer who were treated with FAC regime. This study implicates that selection of patients based on the cumulative unfavorable factors models may be helpful in predicting prognosis in regard to death, progression or recurrency.
